I. INTRODUCTION
In recent years the design and development of various DC-DC Resonant Converters (RC) have been focused for telecommunication and aerospace applications. It has been found that these converters experience high switching losses, reduced reliability, electromagnetic interference (EMI) and acoustic noise at high frequencies. The Series Parallel Resonant Converters (SPRC) are found to be suitable, due to various inherent advantages. The series and parallel Resonant Converter (SRC and PRC respectively) circuits are the basic resonant converter topologies with two reactive elements. The merits of SRC include better load efficiency and inherent dc blocking of the isolation transformer due to the series capacitor in the resonant network. However, the load regulation is poor and output-voltage regulation at no load is not possible by switching frequency variations. On the other hand, PRC offers no-load regulation but suffers from poor load efficiency and lack of dc blocking for the isolation transformer. Its has been suggested to design Resonant Converter with three reactive components for better regulation. The LCL tank circuit based DC-DC Resonant Converter has been experimentally demonstrated and 1 C.Nagarajan, is the Research Scholar, Bharath University, Chennai. Tamilnadu, India ,e-mail:.nagaraj2k1@yahoo com. 2 reported by many researchers [1] - [7] . Raju et al, has experimentally demonstrated with independent load when operated at resonant frequency, making it attractive for application as a constant voltage (CV) power supply. It has been found from the literature that the LCL tank circuit connected in series-parallel with the load and operated in above resonant frequency improves the load efficiency and independent operation [3] .
Later, Mangesh Borage et al [4] , have demonstrated an LCL-T half bridge resonant converter with clamp diodes. The output current or voltage is sensed for every change in load because the output voltage or constant current increases linearly. The feed back control circuit has not been provided. LCL-T RC with constant current supply operated at resonant frequency is presented [5] .The parallel operation is simple without any complex control circuit which increases to ripple frequency. Paolo Mattavelli [6] has demonstrated different approaches which offer the fuzzy logic control (FLC). This control technique relies on the human capability to understand the system's behavior and is based on qualitative control rules. The FLC approach with same control rules can be applied to several dc-dc converters. However, some scale factors must be tuned according to converter topology and parameters. The author utilized the proposed control technique for Buck-Boost converter and demonstrated. J.M. Correa et al [7] have demonstrated a DC/AC series resonant converter with fixed load value considering two control approaches. Later T.S.Sivakumaran et al [8] have demonstrated a CLC SPRC using FLC for load regulation and line regulation. The performance of controller has been evaluated and found that the load independent operation may not be possible. The FLC based Zero Voltage Switching quasi-resonant converter has been demonstrated by et al [9] ,10].The load independent operation was not realized and power handling capacity of the converter is found to be poor.
It is clear from the above literatures that the output voltage regulation of the converter against load and supply voltage fluctuations have important role in designing high-density power supplies. LCL-T SPRC is expected the speed of response, voltage regulation and better load independent operation. Keep the above facts in view, the LCL-T SPRC has been module and analysised for estimating various responses. The closed loop state space module has been derived and simulate using MAT LAB/Simulink for comparing the performance with existing converter.
Performance Estimation of LCL-T Resonant Converter with Fuzzy/ PID Controller Using
State Space Analysis
II. PROPOSED LCL-T SERIES PARALLEL RESONANT CONVERTER WITH FUZZY/PID CONTROL CIRCUIT
The block diagram of LCL-T SPRC with Fuzzy controller is shown in fig.1 . The resonant tank consisting of three reactive energy storage elements (LCL-T) has overcome the conventional resonant converter that has only two elements. The first stage converts a dc voltage to a high frequency ac voltage. The second stage of the converter is to convert the ac power to dc power by suitable high frequency rectifier and filter circuit. Power from the resonant circuit is taken either through a transformer in series with the resonant circuit or series in the capacitor comprising the resonant circuit. In both cases the high frequency feature of the link allows the use of a high frequency transformer to provide voltage transformation and ohmic isolation between the dc source and the load. In LCL-T SPRC the load voltage can be controlled by varying the switching frequency or by varying the phase difference between the inverters. The phase domain control scheme is suitable for wide variation of load condition because the output voltage is independent of load. The dc current is absent in the primary side of the transformer, there is no possibility of current balancing. Another advantage of this circuit is that the device currents are proportional to load current. This increases the efficiency of the converter at light loads to some extent because the device losses also decrease with the load current. If the load gets short at this condition, very large current would flow through the circuit. This may damage the switching devices. To make the circuit short circuit proof, the operating frequency should be changed. A schematic diagram of full-bridge LCL-T SPRC is shown in Fig.2 . The resonant circuit consist of series inductance L 1 , parallel capacitor C and series inductance L 2 . S1-S4 are switching devices having base /gate turn-on and turn-off capability. D1 to D4 are anti-parallel diodes across these switching devices. The MOSFET (say S1) and its anti parallel diode (D1) act as a bidirectional switch. The gate pulses for S1 and S2 are in phase but 180 degree out of phase with the gate pulses for S3 and S4. The positive portion of switch current flows through the MOSFET and negative portion flows through the anti-parallel diode. The RLE load is connected across bridge rectifier via L 0 and C 0 . The voltage across the point AB is rectified and fed to RLE load through L 0 and C 0 . In the analysis that follows, it is assumed that the converter operates in the continuous conduction mode and the semiconductors have ideal characteristics.
III. MATHEMATICAL MODELING USING STATE SPACE TECHNIQUE
The equivalent circuit of LCL-T SPRC is shown in Fig.3 .the mathematical modeling using state space technique can be obtained assuming all the components to be ideal. (1) Where
The state space equation can be obtained from the Fig.3 .the state equation for LCL-T SPRC converter is obtained as ( )
The equation (1) 
The sum of the zero input response and the zero state response is given by
And t p-1 and t p are the time at the start and end of ccm.
From solving the equation (2) and (4) we get [ ]
The output voltage can be estimated from equation (8) (9) and (10).
IV. DESIGN OF FUZZY LOGIC / PID CONTROLLERS

A. Fuzzy Logic Controllers
The Fuzzy Logic Controller (FLC) provides an adaptive control for better system performance. Fuzzy logic is aimed to provide solution for controlling non-linear processes and to handle ambiguous and uncertain situations. Fuzzy control is based on the fundamental of fuzzy sets. The fuzzy control for the chosen SPRC is developed using input membership functions for error 'e' and change in error 'ce' and the output membership function for D, the duty ratio of converter.
The fuzzy control scheme is described using a dc to dc converter as a platform. The Fig.4 shows the block diagram of the fuzzy logic control configuration for a dc to dc converter. The output of the fuzzy control algorithm 
• The proportional term-providing an overall control action proportional to the error signal through the all pass gain factor.
• The integral term-reducing steady state errors through low frequency compensation by an integrator.
• The derivative term-improving transient response through compensation by a differentiator.
V. .SIMULATION OF THE PROPOSED SYSTEM
A. A.Fuzzy Logic Control (FLC)
Fuzzy control involves three stages: fuzzification, inference or rule evaluation and defuzzification as shown in Fig.4 . SPRC is modeled using Matlab software (version 7.1). Fuzzy control is developed using the fuzzy toolbox. The fuzzy variables 'e', 'ce' and 'D' are described by triangular membership functions. Five triangular membership functions are chosen for simplicity and Table I shows the fuzzy rule base created in the present work based on intuitive reasoning and experience. Fuzzy memberships NB, NS, Z, PS, PB are defined as negative big, negative small, zero and positive small, positive.
B.Rule Table and Inference Engine
The control rules that relate the fuzzy output to the fuzzy inputs are derived from general knowledge of the system behavior, perception and experience. The rule table for the designed fuzzy controller is given in the Table 1 . The Graphical representations for the fuzzy rules are shown in Fig.6 . • If the output voltage is far from the reference value, then the change of switching frequency must belarge so as to bring the output to the reference value quickly.
• If the output voltage approaches the reference value, then a small change of switching frequency is necessary.
• If the output voltage is near the reference value and is approaching it rapidly, then the frequency must be kept constant so as to prevent overshoot.
• If the output voltage changes even after reaching the reference value then the change of frequency must be changed by a small amount to prevent the output from moving away. The duty ratio of the converter will be determined by the fuzzy inference. For instance, if the output voltage continues to increase gradually while the current is low during the charging process, the fuzzy controller will maintain the increase in voltage to reach the set point. A drop in the output voltage level triggers the fuzzy controller to increase the output voltage of the converter by modifying the duty cycle of the converter. The resolution of fuzzy logic control system relies on the fuzziness of the control variables while the fuzziness of the control variables depends on the fuzziness of their membership functions. The Closed loop simulation using FLC and PID controller for the SPRC is carried out using MATLAB/Simulink software. Depending on error and the change in error, the value of change of switching frequency is calculated. Set parameter instruction and function blocks available in MATLAB are used to update the new switching frequency of the pulse generators. Fig.8 .shows that the generated pulses form the FLC that's to be given to the inverter circuit. 
TABLE.I Fuzzy Rules
B. D.Development of the FLC
C. E.PID controller
Controllers based on the PID approach are commonly used for DC-DC converter applications. Power converters have relatively low order dynamics that can be well controlled by the PID method. The fuzzy controller performance was also compared with the PID controller performance for the converter. fig.16 . Here the settling time 0.66 for 50% of load and 0.8 for 100% of load, the steady state error for 50% of load is 0.06 and 100% of load is 0.079. 
A. Open Loop Response
which is depicted as shown in Fig.17-18 . Fig.19 , here the settling time 0.058 for 50% of load and 0.1 for 100% of load ,the steady state error for 50% of load is 0.06 and 100% of load is 0.079. The voltage across V AB and it is absorbed that primary current of the transformer are in Fig.18 . We get the inverter output as pure square wave without any harmonics and with Resonance frequency. The inductor and capacitor are connected to the output of inverter for resonance purpose and it is used for impedance matching, current control. Another good feature of this converter is that the converter operation is not affected by the non idealities of the output transformer (magnetizing inductance) because of the additional resonance inductor L 2 .The output voltage is constant for any load variation. The Harmonic spectrum and AC component present in output voltage are very less compared to PID controller. The above Fig.22 shows that the settling time 0.0358 for 50% of load and 0.07 for 100% of load, the steady state error for 50% of load is 0.0136 and 100% of load is 0.016. The result is justified that settling time of output voltage in PID controller is more than that of the settling time in FLC. The output voltage response is flexible and sensitive.
E. Performance Evaluation
The open loop and closed loop for LCL-T SPRC have been estimated and provided in Table II . It is seen that the PID/Fuzzy based closed loop controller provides better settling time. This ensures that the system can be controlled effectively.
As far concerned to From Table III it is clear that the THD is under safe limit in fuzzy controller compared with other controllers. The stead state error for open loop and closed loop controller for 50% and 100 % load are given in Table IV . In view of the results obtained and it is learnt that the Steady state error is reduced with the help of Fuzzy controller. 
F. Rle Load For Different Controllers
The output voltage at RLE load are plotted for open loop,PID and Fuzzy Logic controller and the performance is analysised.The qualitative analysis has been done merely by observation of shape of waveforms.
The response for a reference voltage of 100V and output voltage is 100V, in the open loop response, the overshoot and the settling time are very high, and the response is oscillatory. The proposed control strategy is able to eliminate the peak overshoot and reduce the settling time. The output voltage at RLE load (open loop) and THD value are shown in Fig.23 . The above table shows that the peak overshoot is eliminated and the settling time is much lower with the new control strategy. The measurement noise is highly suppressed and is much better than the PID controller. 
